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(57) ABSTRACT 

A double-sided organic electroluminescent display module 
capable of carrying out double-sided display includes tWo 
organic electroluminescent display elements each formed 
from at least a transparent electrode, an organic electrolu 
minescent layer and a metal electrode layer laminated on a 
transparent substrate, Wherein the tWo organic electrolumi 
nescent display elements are connected by connecting the 
metal electrodes together. 

10 Claims, 7 Drawing Sheets 

11-2 

12-2 

13-2 

14-2 

14-1 
13-1 

12-1 

11-1 



U.S. Patent Feb. 14, 2006 Sheet 1 0f 7 US 6,998,772 B2 

7: TNH T2 T: N.: NLmH N-NH W: 



U.S. Patent Feb. 14, 2006 Sheet 2 0f 7 US 6,998,772 B2 

11 1 12-1 13 1 



U.S. Patent Feb. 14, 2006 Sheet 3 0f 7 US 6,998,772 B2 

3 gm 

Nil qs 

T: 



U.S. Patent Feb. 14, 2006 Sheet 4 0f 7 US 6,998,772 B2 



U.S. Patent Feb. 14, 2006 Sheet 5 0f 7 US 6,998,772 B2 

T: WNH 

2 3V m .3 

HQ 
w: J 

T2 2: v-2 

%@ E 

.w 

@m E @m 22.2% \72 
a: - W175: 

WV W Emmi 
/?2 . m (W2 

__::::_::::::::::= W H d: 

3 m 3: 



U.S. Patent Feb. 14, 2006 Sheet 6 6f 7 US 6,998,772 B2 

3 @ .mE 

E @ .wE 



U.S. Patent Feb. 14, 2006 Sheet 7 0f 7 US 6,998,772 B2 

31 32 33 33 32 31 

3o 

Fig.7 PRIOR ART ll[HHIIIIIIHIHIIIHIIIlHlllllllIIIIIIINIIHIIIIIIIlIIIHIlllllllIIIIHHIIIIHHIIIIHHIIIIIIHIIIIIllllllllllllll?lllllllllHIIH||II|||I|llH|I|-—-"'_34 IIHIIIIIIIIIIIIIIIHHIllllllIIIHIIIIIIHHIIIIIIIIlIIIIIIHIIIIIIIIIIllllllllllIIIIHIIHIIlllllIIIIIIIHIIIIIIIIH|l|||||||llllllllllllllllllllllllll-x 34 Lb- 30 



US 6,998,772 B2 
1 

DOUBLE-SIDED ORGANIC 
ELECTROLUMINESCENT DISPLAY 

MODULE AND INFORMATION TERMINAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to an organic electrolu 

minescent (hereafter “electroluminescent” is abbreviated as 
EL) display module and information terminal. Speci?cally, 
the present invention is related to a double-sided organic EL 
display module Which is installed in an information terminal 
requiring a double-sided display, and an information termi 
nal equipped With such double-sided organic EL display 
module. 

2. Description of the Prior Art 
With the spread of information terminals having an open 

ing/closing portion such as portable telephones, notebook 
personal computers and the like, there has been a high 
demand to provide a display portion on both the front 
surface and the back surface of the opening/closing portion. 
On the other hand, spontaneous light emission type organic 
EL displays Which are displays having high luminance at 
loW poWer consumption are eXpected in display portions. In 
the prior art, in order to carry out display on both surfaces 
of the information terminal using organic EL display mod 
ules, tWo organic EL display modules need to be prepared 
for the front surface and the back surface. 

FIG. 7 shoWs the structure of a prior art organic EL 
element display module for double-sided display. In FIG. 7, 
30 represents EL light, 31 represents glass substrates, 32 
represents transparent electrodes, 33 represents organic EL 
layers, and 34 represents metal electrodes. Because the 
metal electrodes 34 use a metal in Which electron ?lling is 
easy at a loW Work function as a cathode, it is dif?cult to 
make the metal electrodes 34 transparent. On the other hand, 
in a metal electrode used as an anode, because a metal in 
Which hole ?lling is easy at a high Work function is applied, 
it is possible to use a transparent metal such as ITO (Indium 
Tin Oxide) or the like. For this reason, the EL light 30 
emitted by the organic EL layer 33 at the intersecting points 
of the transparent electrode 32 and the metal electrode 34 is 
emitted from the glass substrate 31 side. Because it is 
dif?cult to emit EL light from the metal electrode 34 side, in 
order to carry out display on both surfaces of the information 
terminal, the structure uses tWo separate organic EL display 
modules in Which the metal electrodes 34 form back faces as 
shoWn in FIG. 7. 

In the prior art organic EL display module structure 
described above, tWo organic EL display modules are 
needed to carry out display on both surfaces of the infor 
mation terminal. 

SUMMARY OF THE INVENTION 

In order to solve the problems of the prior art described 
above, the present invention makes it possible to carry out 
double-sided display With only one organic EL display 
module. Further, it is an object of the present invention to 
provide an information terminal equipped With such organic 
EL display module. 

In order to achieve the object stated above, the ?rst 
invention of the present application is a double-sided 
organic EL display module Which includes tWo organic EL 
display elements each formed from at least a transparent 
electrode, an organic EL layer and a metal electrode layer 
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2 
laminated on a transparent substrate, Wherein the tWo 
organic EL display elements are connected by connecting 
the metal electrodes together. 
The ?rst invention of the present application includes a 

double-sided organic EL display module in Which the elec 
trode terminals of each of the tWo transparent electrodes and 
the electrode terminals of the metal electrodes are arranged 
on three different edges of the double-sided organic EL 
display module. 
The second invention of the present application is a 

double-sided organic EL display module Which includes at 
least a ?rst transparent electrode, a ?rst organic EL layer, a 
metal electrode layer, a second organic EL layer, and a 
second transparent electrode laminated on a transparent 
substrate. 

The second invention of the present application includes 
a double-sided organic EL display module in Which the 
electrode terminals of each of the tWo transparent electrodes 
and the electrode terminals of the metal electrode are 
arranged on three different edges of the double-sided organic 
EL display module. 
The third invention of the present application is an 

information terminal equipped With the double-sided 
organic EL display module of the ?rst invention or the 
second invention of the present application. 

Further, the information terminal includes information 
terminals having a display portion such as a portable tele 
phones, PDAs (PDA: Personal Digital Assistant), and cam 
eras or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of the basic structure of 
a double-sided organic EL display module of the present 
invention. 

FIG. 2(a) is a structural vieW of a double-sided organic EL 
display module of the present invention. 

FIG. 2(b) is a structural vieW of a double-sided organic EL 
display module of the present invention. 

FIG. 3(a) is a basic structural vieW of a double-sided 
organic EL display module of the present invention. 

FIG. 3(b) is a basic structural vieW of a double-sided 
organic EL display module of the present invention. 

FIG. 3(a) is a basic structural vieW of a double-sided 
organic EL display module of the present invention. 

FIG. 4 is a cross-sectional vieW of the basic structure of 
a double-sided organic EL display module of the present 
invention. 

FIG. 5(a) is a basic structural vieW of a double-sided 
organic EL display module of the present invention. 

FIG. 5(b) is a basic structural vieW of a double-sided 
organic EL display module of the present invention. 

FIG. 5(a) is a basic structural vieW of a double-sided 
organic EL display module of the present invention. 

FIG. 6(a) is a rough sketch of a portable terminal 
equipped With a double-sided organic EL display module of 
the present invention. 

FIG. 6(b) is a rough sketch of a portable terminal 
equipped With a double-sided organic EL display module of 
the present invention. 

FIG. 7 is a structural vieW of a prior art organic EL 
element display module for double-sided display. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention Will 
noW be described in detail With reference to the appended 
drawings. 
First Embodiment 

The ?rst embodiment of the present invention makes it 
possible to carry out double-sided display by laminating the 
metal electrodes of tWo organic EL display modules 
together. FIG. 1 shoWs a cross section of the basic structure 
of a double-sided organic EL display module according to 
the ?rst embodiment of the present invention. In FIG. 1, 10 
represents EL light, and 11-1, 11-2 represent glass substrates 
used as transparent substrates. In addition to the glass 
substrate, the substrate includes other substrates such as a 
?exible substrate, and a substrate formed from a color ?lter 
or a color changing material. Further, 12-1, 12-2 represent 
transparent electrodes. As for the transparent electrode mate 
rial, it is possible to apply ITO, indium Zinc oxide, tin oXide 
or the like. Further, 13-1, 13-2 represent organic EL layers 
formed from an electron transport layer, an organic EL 
emitter layer and a hole transport layer. Further, 14-1, 14-2 
represent metal electrodes. As for the metal electrode mate 
rial, it is possible to apply aluminum Al, lithium Li, mag 
nesium Mg or an alloy of these metals. 

The metal electrodes 14-1 and 14-2 are connected so that 
both electrodes are superposed With each other. When a 
voltage is applied betWeen the metal electrode 14-1 and the 
transparent electrode 12-1, EL light is generated by the 
organic EL layer 13-1 at the intersecting points of the metal 
electrode 14-1 and the transparent electrode 12-1, and this 
EL light is emitted from the direction of the glass substrate 
11-1. In the same Way, When a voltage is applied betWeen the 
metal electrode 14-2 and the transparent electrode 12-2, EL 
light is generated by the organic EL layer 13-2 at the 
intersecting points of the metal electrode 14-2 and the 
transparent electrode 12-2, and this EL light is emitted from 
the direction of the glass substrate 11-2. In this Way, it 
becomes possible to display information on both surfaces of 
the organic EL display module. 

FIGS. 2(a) and 2(b) shoW the structure of the double 
sided organic EL display module according to the ?rst 
embodiment of the present invention. In FIGS. 2(a) and 
2(b), 11-1, 11-2 represent glass substrates used as transpar 
ent substrates, 12-1, 12-2 represent transparent electrodes, 
13-1, 13-2 represent organic EL layers, and 14-1, 14-2 
represent metal electrodes. 
As shoWn in FIG. 2(a), at least the transparent electrode 

12-1, the organic EL layer 13-1 and the metal electrode 14-1 
are formed in that order on top of the glass substrate 11-1 to 
construct one organic EL display element. The other organic 
EL display element is constructed in the same Way by 
forming at least the transparent electrode 12-2, the organic 
EL layer 13-2 and the metal electrode 14-2 in that order on 
top of the glass substrate 11-2. These tWo organic EL display 
elements are laminated together so that the tWo metal 
electrodes 14-1 and 14-2 are superposed With each other. In 
such lamination, the terminal portions (the metal electrodes 
of the upper portion in FIG. 2(a)) of the metal electrodes 
14-1 and 14-2 are bonded by a bonding agent having 
conductive particles miXed therein. When the terminal por 
tions of the metal electrodes make contact by the conductive 
particles, it becomes possible to drive the metal electrodes 
from common terminals. In order to make it unnecessary to 
carry out precise positioning of the tWo organic EL display 
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4 
elements, an insulating layer or an insulating ?lm may be 
provided betWeen the tWo organic EL display elements to 
prevent the other portions of the metal electrodes outside the 
terminal portions from making contact. In order for the 
electrodes to have small resistance, and in order to strongly 
bond the tWo organic EL display elements, the other portions 
of the metal electrodes outside the terminal portions may be 
bonded by a bonding agent having conductive particles 
miXed therein so that contact is also made betWeen such 
other portions. Further, an opaque ?lm or a re?ecting ?lm 
may be provided betWeen the tWo organic EL display 
elements so that the EL light emitted from both organic EL 
layers is emitted only from each glass substrate side. 

FIG. 2(b) shoWs the double-sided organic EL display 
module in Which tWo organic EL display elements are 
bonded together. As shoWn in FIG. 2(b), input Wires from a 
driving circuit (not shoWn in the draWings) are connected to 
the terminal portion of the one transparent electrode 12-1 
and the terminal portion (not visible in FIG. 2(b)) of the 
other transparent electrode 12-2. The terminal portion of the 
metal electrode 14-1 forms common terminals. 

FIGS. 3(a), 3(b) and 3(a) shoW the basic structure of the 
double-sided organic EL display module according to the 
?rst embodiment of the present invention. FIG. 3(a) is a 
plain vieW, FIG. 3(b) is a cross-sectional vieW taken along 
the lines 3(b)—3(b) in FIG. 3(a), and FIG. 3(a) is a 
cross-sectional vieW taken along the lines 3(c)—3(c) in FIG. 
3(a). In FIGS. 3(a), 3(b) and 3(a), 10 represents EL light, 
11-1, 11-2 represent glass substrates used as transparent 
substrates, 12-1, 12-2 represent transparent electrodes, 13-1, 
13-2 represent organic EL layers, and 14-1, 14-2 represent 
metal electrodes. In FIGS. 3(a), 3(b) and 3(a), because 
piXels are formed by the intersecting points of the transpar 
ent electrode 12-1 and the metal electrode 14-1 in the 
organic EL layer 13-1 formed on top of the glass substrate 
11-1, and because piXels are formed by the intersecting 
points of the transparent electrode 12-2 and the metal 
electrode 14-2 in the organic EL layer 13-2 formed on top of 
the glass substrate 11-2, it is possible to carry out double 
sided display. Because the metal electrodes 14-1 and 14-2 
have a common terminal portion as shoWn in FIG. 3(a), and 
because each of the transparent electrodes 12-1 and 12-2 has 
its oWn terminal portion, the double-sided organic EL dis 
play module has three different sets of electrode terminals, 
and When these electrode terminals are formed on shelf 
portions of the glass substrates, it becomes easy to connect 
the input Wires from the driving circuit. 

In the present embodiment, the tWo surfaces of the 
organic EL display module have the same siZe, but the 
present invention can be applied to the case Where the tWo 
surfaces have different siZes. 

Accordingly, compared to the situation in the prior art 
Where tWo single-sided organic EL display modules are 
provided, the double-sided organic EL display module of the 
present invention can be made thin, and because the termi 
nals of the metal electrodes are used in common, it is 
possible to reduce the number of input terminals. 

Second Embodiment 
The second embodiment of the present invention makes it 

possible to carry out double-sided display by providing tWo 
organic EL layers Which generate light in an organic EL 
display module Which has one metal electrode used in 
common. FIG. 4 shoWs a cross section of the basic structure 
of an organic EL display module capable of carrying out 
double-sided display according to the second embodiment of 
the present invention. In FIG. 4, 10 represents EL light, and 
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11-1 represent a glass substrate used as a transparent sub 
strate. In addition to the glass substrate, the substrate 
includes other substrates such as a ?exible substrate, and a 
substrate formed from a color ?lter or a color changing 
material. Further, 12-3 represents a ?rst transparent elec 
trode, and 12-4 represents a second transparent electrode. As 
for the transparent electrode material, it is possible to apply 
ITO, indium Zinc oxide, tin oXide or the like. Further, 13-3 
represents a ?rst organic EL layer, and 134 represents a 
second organic EL layer, each of Which is formed from an 
electron transport layer, an organic EL emitter layer and a 
hole transport layer. Further, 14-3 represents a metal elec 
trode, and as for the metal electrode material, it is possible 
to apply Al, Li, Mg or an alloy of these metals. Further, a 
transparent protecting layer may be provided as needed on 
the top of the second transparent electrode 12-4 to seal or 
stabiliZe the surface. 

The EL light generated by the ?rst organic EL layer 13-3 
at the intersecting points of the ?rst transparent electrode 
12-3 and the metal electrode 14-3 is emitted from the glass 
substrate 11-1 side. The EL light generated by the second 
organic EL layer 13-4 at the intersecting points of the second 
transparent electrode 12-4 and the metal electrode 14-3 is 
emitted from the second transparent electrode 12-4 side. The 
metal electrode 14-3 is used in common by the tWo organic 
EL layers 13-3 and 13-4. In this Way, it becomes possible to 
display information on both surfaces of the organic EL 
display module. 

FIGS. 5(a), 5(b) and 5(a) shoW the basic structure of the 
double-sided organic EL display module according to the 
second embodiment of the present invention. FIG. 5(a) is a 
plain vieW, FIG. 5(b) is a cross-sectional vieW taken along 
the lines 5(b)—5(b) in FIG. 5(a), and FIG. 5(a) is a 
cross-sectional vieW taken along the lines 5(c)—5(c) in FIG. 
5(a). In FIGS. 5(a), 5(b) and 5(c), 11-1 represents a glass 
substrate used as a transparent substrate, 12-3 represents a 
?rst transparent electrode, 12-4 represents a second trans 
parent electrode, 13-3 represents a ?rst organic EL layer, 
13-4 represents a second organic EL layer, and 14-3 repre 
sents a metal electrode. In FIGS. 5(a), 5(b) and 5(a), because 
piXels are formed by the intersecting points of the ?rst 
transparent electrode 12-3 and the metal electrode 14-3 in 
the ?rst organic EL layer 13-3 formed on top of the glass 
substrate 11-1, and because piXels are formed by the inter 
secting points of the second transparent electrode 12-4 and 
the metal electrode 14-3 in the second organic EL layer 13-4 
formed on top of the metal electrode 14-3, it is possible to 
carry out double-sided display. As shoWn in FIGS. 5(b) and 
5(c), because the metal electrode 14-3 is used in common by 
both organic EL layers 13-3 and 13-4, and because each of 
the ?rst and second transparent electrodes 12-3 and 12-4 has 
its oWn terminal portion, the double-sided organic EL dis 
play module has three different sets of electrode terminals, 
and When these electrode terminals are formed on shelf 
portions of the glass substrate, it becomes easy to connect 
the input Wires from the driving circuit. 

In the present embodiment, the tWo surfaces of the 
organic EL display module have the same siZe, but the 
present invention can be applied to the case Where the tWo 
surfaces have different siZes. 

Accordingly, compared to the situation in the prior art 
Where tWo single-sided organic EL display modules are 
provided, because all the elements are formed on one glass 
substrate, the double-sided organic EL display module of the 
present invention can be made thinner, and because the 
terminals of the metal electrode are used in common, it is 
possible to reduce the number of input terminals. 
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Third Embodiment 
The third embodiment of the present invention is a 

portable terminal equipped With the double-sided organic EL 
display module described above. FIGS. 6(a) and 6(b) shoW 
a rough sketch of the portable terminal according to the third 
embodiment of the present invention. In FIGS. 6(a) and 
6(b), 21 represents a portable terminal used as an informa 
tion terminal, and 22, 23 are display portions. FIG. 6(a) is a 
sketch shoWing the outside of the portable terminal in the 
state Where the cover portion is closed, and FIG. 6(b) is a 
sketch shoWing the outside of the portable terminal in the 
state Where the cover portion is open. 
One surface of the organic EL display module appears in 

the display portion 22 on the outside of the cover portion of 
the portable terminal 21, and the other surface of the organic 
EL display module appears in the display portion 23 on the 
inside of the cover portion of the portable terminal 21. 
Compared to portable terminals equipped With tWo prior art 
organic EL display modules, the portable terminal according 
to the present invention can be made thin. Further, because 
the double-sided organic EL display module described 
above has feWer input terminals, the installation space is 
small, and this makes it possible to construct a compact 
portable terminal. 
As shoWn in FIG. 6(a), opposite top-bottom or left-right 

images are displayed on the display portion 22 When the 
cover portion of the portable terminal 21 is in a closed state, 
and on the display portion 23 When the cover portion is in 
an open state. In a portable terminal Where both surfaces are 
not vieWed at the same time, the open/closed state of the 
cover portion is detected, and display can be carried out by 
the display portion 22 in the state Where the cover portion is 
closed, and display can be carried out by the display portion 
23 in the state Where the cover portion is open. An image 
inversion is suitably carried out by the driving circuit to 
correct the top-bottom or left-right orientation of the dis 
played image vieWed by an observer. Further, in the case 
Where both display portions are vieWed in the state Where the 
cover portion is open, it is possible to carry out display 
selectively on either display portion so that the image is 
corrected When vieWed by an observer. 

In the present embodiment, the tWo surfaces of the 
organic EL display module Were described as having same 
siZes, but the present invention can be applied to the case 
Where the tWo surfaces have the different siZe. Further, the 
present invention is not limited to just portable terminals, 
and it is possible to apply the present invention to any 
information terminal having a double-sided display func 
tion. 

Accordingly, the information terminal equipped With the 
double-sided organic EL display module described above 
can be made thinner than the display portion of an infor 
mation terminal equipped With tWo prior art organic EL 
display modules. 
As described above, the present invention makes it pos 

sible to reduce the number of input terminals in the double 
sided organic EL display module, and this makes it possible 
to construct a thin double-sided organic EL display module. 

Furthermore, in a portable terminal equipped With the 
double-sided organic EL display module described above, it 
is possible to make the display portion thinner. 
What is claimed is: 
1. A double-sided organic electroluminescent display 

module, comprising: 
tWo organic electroluminescent display elements each 

formed from at least a transparent electrode having 
electrode terminals, an organic electroluminescent 
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layer and a metal electrode layer having electrode 
terminals, said transparent electrode, organic electrolu 
minescent layer and said metal electrode layer being 
laminated in that order on a transparent substrate 
Wherein said display elements are arranged so that the 
metal electrode layers of each of said display elements 
are superposed on one another; 

Wherein the tWo organic electroluminescent display ele 
ments are electrically connected at a side of the metal 
electrodes. 

2. A double-sided organic electroluminescent display 
module, comprising: 

at least a ?rst transparent electrode, a ?rst organic elec 
troluminescent layer, a non-transparent metal electrode 
layer, a second organic electroluminescent layer, and a 
second transparent electrode laminated in that order on 
a transparent substrate. 

3. The double-sided organic electroluminescent display 
module of claim 1, Wherein the electrode terminals of each 
of the tWo transparent electrodes and the electrode terminals 
of the metal electrodes are arranged on three different edges 
of the double-sided organic electroluminescent display mod 
ule Wherein said electrode terminals are parallel to the 
organic electroluminescent layer of the organic EL display 
module. 
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4. The double-sided organic electroluminescent display 

module of claim 2, Wherein electrode terminals of each of 
the tWo transparent electrodes and electrode terminals of the 
metal electrode are arranged on three different edges of the 
double-sided organic electroluminescent display module 
Wherein said electrode terminals are parallel to the organic 
electroluminescent layer of the organic EL display module. 

5. An information terminal equipped With the double 
sided organic electroluminescent display module of claim 1. 

6. An information terminal equipped With the double 
sided organic electroluminescent display module of claim 2. 

7. An information terminal equipped With the double 
sided organic electroluminescent display module of claim 3. 

8. An information terminal equipped With the double 
sided organic electroluminescent display module of claim 4. 

9. A double-sided organic electroluminescent display 
module as de?ned in claim 1, comprising: 

an opaque ?lm betWeen said display elements. 

10. A double-sided organic electroluminescent display 
module as de?ned in claim 1, comprising: 

a re?ecting ?lm betWeen said display elements. 


